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ESSAY: BIOWEAPON IMPACTS ON PUBLIC HEALTH AND
THE ENVIRONMENT
DAVID PIMENTEL* AND MARCIA PIMENTEL**
INTRODUCTION
At this juncture, when the United States is strengthening
homeland security and beginning to address the subject of
bioweapons, it is important to consider the far-reaching impacts
that United States population growth is having on human health,
food security, and the environment that sustains all life. The issue
of population growth bears directly on the security of our nation.
The rapidly growing United States population reached
nearly 300 million in 2005.' Based on the current growth rate of
about 1%,2 that number is projected to nearly double in less than
* David Pimentel is a Professor of Ecology and Agricultural Science at Cornell
University in Ithaca, New York. His Ph.D. is from Cornell University. His
research spans the fields of basic population ecology, ecological and economic
aspects of pest control, biological control, biotechnology, sustainable agriculture,
land and water conservation, natural resource management, and environmental
policy. Pimentel has served on many national and government committees,
including the National Academy of Sciences, the President's Science Advisory
Council, and has worked in the Office of Technology Assessment of the U.S.
Congress. He has also worked in the U.S. Department of Agriculture, the U.S.
Department of Energy, the U.S. Department of Health, Education, and Welfare,
and the U.S. Department of State. He has published more than 590 scientific
papers and twenty-three books.
** Marcia Pimentel is a Senior Lecturer in the Division of Nutritional Sciences,
College of Human Ecology at Cornell University in Ithaca, New York. She is a
nutritionist specializing in foods and nutrition, world food supplies, human
ecology, and the environment. She has published approximately thirty-five
scientific papers and the books FOOD, ENERGY AND SOCIETY, in 1996, and
DIMENSIONS OF FOOD, in 2006.
' U.S. CENSUS BUREAU, STATISTICAL ABSTRACT OF THE UNITED STATES: 2004-
2005, at 7, available at http://www.census.gov/prod/2004pubs/04statab/pop.pdf.
2 Id. at 7-8.
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100 years.3 In fact, the Population Reference Bureau projects that
the U.S. population will grow at four times the rate of China over
the next forty-five years.4
At the same time, U.S. food security is being seriously
undermined by cropland erosion, the mining of groundwater
resources ten-times faster than the recharge rate in some locations,
and imminent shortages of oil and natural gas resources.5 Our
petroleum geologists project only about thirty-five years of domestic
natural gas resources.6 In addition to the genuine concerns about
bioterrorism, continued U.S. population growth will challenge our
basic life requirements and our liberty.
Throughout history, humans have employed bioweapons
to conquer their enemies. As early as 184 B.C., Hannibal's
campaign forces won a naval battle against King Eumenes of
Pergamon by throwing poisonous snakes in clay pots on the
decks of the King's ships.7 General Sherman's Civil War memoirs
recount how the Confederate soldiers contaminated water
supplies by dumping the carcasses of dead animals into freshwa-
ter ponds needed for drinking.'
In modern times, during the Vietnam War, the U.S. military
sprayed vast areas with an herbicide mixture called 'Agent Orange'
to destroy vegetation cover and food crops produced by the Viet
Cong.9 Although the goal was not to kill humans but to inflict
' U.S. CENSUS BUREAU, STATISTICAL ABSTRACT OF THE UNITED STATES: 2002, at
9, available at http://www.census.gov/prod/2003prod/2003pubs/02statab/pop.pdf.
'See generally POPULATION REFERENCE BUREAU, 2005 WORLD POPULATION DATA
SHEET, 2005, available at http://www.prb.org/pdf05/05WorldDataSheetEng.pdf.
5 David Pimentel & Anne Wilson, Population and Its Discontents, Sept./Oct. 2004
WORLDWATCH 22-25(2004), available at http://www.worldwatch.org/pubs/mag/
2004 /175/ (registration required).
6 See generally Walter Youngquist & Richard C. Duncan, North American
Natural Gas: Data Show Supply Problems, 12 NAT. RES. RESEARCH 229 (2003).
7 Edward M. Eitzen, Jr. & Ernest T. Takafuji, Historical Overview of Biological
Warfare, in TEXTBOOK OF MILITARY MEDICINE: MEDICAL ASPECTS OF CHEMICAL
AND BIOLOGICAL WARFARE 415, 416 (Frederick R. Sidell, Ernest T. Takafuji &
David R. Franz eds., 1997).8 id.
9 See Louise Elliott, Agent Purple and Agent Orange, CBC NEWS ONLINE, June
24, 2005, http://www.cbc.ca/news/background/agentorange.
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serious damage on the environment, human health was neverthe-
less impaired.' ° In 1987, Saddam Hussein used mustard gas
against the Kurds in Iraq, killing at least 5,000 people." During
1995, individuals released deadly sarin gas in a Japanese subway
in Japan, killing several hundred people. 12
This review evaluates several biological weapons, examining
how they affect human health, crops, livestock, forests, and the
safety of human food and water supplies. 3 Because chemicals also
injure human health and the natural environment, some chemicals
are included as well.'4 The article considers the potential of the
various bioweapons and suggests ways that terrorists and others
might use these weapons.
I. DISEASES AS BIOWEAPONS
A. Pathogens
Although humans are susceptible to infection and death from
more than 100 pathogens, only about thirteen of these are consid-
ered potentially useful as bioweapons."5 These include anthrax,
influenza, smallpox, cholera, ebola, Marburg, hepatitis C, legion-
naire's disease, leprosy, plague, Lassa fever, Argentine hemorrhagic
fever, and tuberculosis.'"
The number of pathogens required to infect humans varies
widely. For example, it only takes one tuberculosis bacterium to
infect a human while 800 influenza viral particles can produce
10 Id.
11 Council on Foreign Relations, Terrorism: Questions and Answers, Mustard
Gas, http://cfrterrorism.org/weapons/mustard.html (last visited Apr. 21, 2006).
12 Council on Foreign Relations, Terrorism: Questions and Answers, Sarin Gas,
http://cfrterrorism.org/weapons/sarin.html (last visited Apr. 21, 2006).13 See infra Parts I.D. & II.
14 See infra Part III.
15 State of Michigan,Emerging Disease Issues: Diseases That May Affect Humans
or Animals, http://www.michigan.gov/emergingdiseases (last visited Apr. 21,
2006). See infra Table 1.
16 Id.
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human infection and a minimum of 4,000 to 80,000 anthrax spores
can cause infection.' 7 A person sneezing can project approximately
one million microbes through the air, which may reach other
people nearby."8
1. Anthrax
Immediately after September 11th, some Americans were
sent anthrax spores in the mail, and five people died when they
opened the letters and breathed in the anthrax spores. 9 Others
were exposed to contaminated letters, but did not receive lethal
doses of spores. 2' The public health response to the anthrax letters
was led by scientists in the Federal Laboratory Response
Network.21 Despite extensive investigation, the person(s) responsi-
ble for sending the anthrax spores through the mail were never
identified.22 A lingering concern is that the lethal pathogens are
17 Steve Hammonds, Lecture Notes, Microbial Pathogenicity and the
Transmission of Pathogens (1998) (lecture notes from the course Infectious
Diseases and their Control at the Nottingham Trent University) (on file with the
William and Mary Environmental Law and Policy Review). See generally The
September 11th Sourcebooks, Volume 5:Anthrax at Sverdlovsk, 1979, in 61 NAT'L
SEC. ARCHIVE-ELEC. BRIEFING BOOK (Robert A. Wampler & Thomas S. Blanton
eds., 2001), http://www.gwu.edu/-nsarchiv/NSAEBB/NSAEBB61 [hereinafter
Anthrax at Sverdlovsk].
18 See generally Richard M. Krause, Tuberculosis: Romance to Reality to
Resurgence, in 7 COSMOS J. (1996), available at http://www.cosmos-club.
org/web/ journals/1996/krause.html.
19 Coco McPherson, The Year in Terror, VILLAGE VOICE, Sept. 11-17, 2002,
available at http://www.villagevoice.com/issues/0237,mcpherson2,38226,1.html.
2 0Joseph B. Verrengia, Special Report-Year In Review: 2001, U.S. Anxious After
Anthrax Attack, CBSNEWS.COM, 2001, available at http://www.cbsnews.com/
stories/200 112/20/2001/main322000.shtml.
21 See Lisa D. Rotz & James M. Hughes, Advances in Detecting and Responding
to Threats from Bioterrorism and Emerging Infectious Disease, 10 NATURE MED.
S130, S133-34 (2004).22 Marilyn W. Thompson, The Pursuit of Stephen Hatfill, WASH. POST, Sept. 14,
2003, at W06, available at http://www.washingtonpost.comac2/wp-dyn/A49717-
2003Sep9?language=printer.
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easily stored in various laboratories, ready for distribution. 23 It
takes approximately 8,000 anthrax spores to infect a human.2 4 In
addition to direct breathing of spores, direct bodily contact with
infected animals and animal products, including meat, can spread
infectious anthrax.25
Infected animals and soils can be reservoirs of anthrax
contamination. Early in the 1950s, the Communicable Disease
Center of the U.S. Public Health Service conducted research on
anthrax-infected cattle.26 Their research demonstrated that
horseflies and mosquitoes feeding on infected cattle could pick up
the anthrax bacteria and spread the disease pathogen to other
animals.2 Further study documented that the blood of infected
dead cattle was slow to coagulate, thereby extending the feeding
by horseflies and mosquitoes and enhancing the potential spread
of the anthrax disease by these vectors.2"
Despite this evidence of anthrax transmission by insect bite,
the primary way anthrax is transmitted in cattle is from contami-
nation of soil with spores of the anthrax bacterium.29 These spores
survive in the soil for 20 to 100 years, remaining a reservoir of
potential infection. 3° Thus, cattle and other animals feeding either
on contaminated forage, soil, or other contaminated farm crops can
be infected with anthrax.
2. Influenza
Influenza or flu is one of the most serious viral diseases in
the world, and can spread rapidly by human contact and by wind
23 See supra note 21, at S133-34.
' See C.J. Peters & D.M. Hartley, Anthrax Inhalation and Lethal Human
Infection, 359 LANCET 710 (2002).
25 LearnWell Resources, Inc., Anthrax Bioterrorism and Health Care, http:ll
www.learnwell.org/anthrax.htm (last visited Apr. 21, 2006).
26 David Pimentel, Investigation of the Anthrax Outbreak in Cattle in the Bayous
of Louisiana (1952) (unpublished manuscript, on file with author).
27 Id.
28 Id.
29 Id.
30 See generally Anthrax at Sverdlovsk, supra note 17.
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currents. Between 300 million and 900 million people become
infected annually, resulting in 250,000 to 500,000 deaths.3 ' Each
year, 200,000 Americans require hospitalization, with about 36,000
fatalities resulting from flu infection. For $10.41 per person, or
about $3 billion each year, the entire U.S. population could be
immunized.33 In many countries flu vaccines are not available, and
as a result, when flu outbreaks take place the disease spreads and
causes a major loss of human life. Unfortunately, vaccines must be
developed for each of the virulent strains of flu. Another cause for
concern is avian influenza, a highly pathogenic form of the flu
virus that can pass from birds to humans. This strain of flu is
particularly deadly, with a mortality rate of 63% in recent human
outbreaks in Southeast Asia.34
3. Filoviruses
Filoviruses are a class of re-emerging pathogenic diseases.
Of these viruses, the Ebola and Marburg groups cause severe,
usually fatal, hemorrhagic disease in humans.35 Recent outbreaks
of Ebola hemorrhagic fever, mainly in Africa, have resulted in
about 1,850 cases and more than 1,200 deaths.36 In addition, more
31 World Health Org., Influenza Fact Sheet No. 211, http://www.who.int/media
centre/fact sheets/fs211/en/print.html (last visited Apr. 21, 2006).
32 Ctrs. for Disease Control and Prevention, Influenza (Flu) Fact Sheet: Key
Facts about Influenza and the Influenza Vaccine, http://www.cdc.gov/flu/key
facts.htm (last visited Apr 21, 2006). See generally World Health Org., Influenza
Fact Sheet, supra note 31.
" News Release, Stanford School of Medicine, Stanford Researcher Shows Flu
Shot Benefits Outweigh Costs in Healthy Young Adults (Aug. 19, 2002), http://
mednews.stanford.edu/releases/2002/august/fluvaccine.html.
4 See World Health Org., Cumulative Number of Confirmed Human Cases of
Avian Influenza A/(H5N1) Since 28 January 2004, (Apr. 12, 2005), http://www.
who.int/csr/disease/avianinfluenza/country/casetable_2005_04_12/enhindex.html.
" See World Health Org., Ebola Hemorrhagic Fever Fact Sheet No. 103,
http://www.who. int/mediacentre/factsheets/fs 103/en/ (last visited Apr. 21, 2006).
36 id.
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than ninety-seven deaths from Marburg were reported in Angola,
Africa, in 2005.37
The rapid spread and the high human mortality make these
and other filoviruses a threat to public health throughout the
world. In reported outbreaks, 50% to 90% of filovirus cases have
been fatal.38 Increased international commerce and travel, com-
bined with limited medical experience in diagnosis and inadequate
case management, have added to the difficulty of treating these
diseases. Further, the importation of nonhuman primates, which
often carry these disease pathogens, enhances the potential of
filoviruses to spread rapidly and makes curtailment difficult.39
Beyond contacts between people and animals, pathogens are
easily dispersed in the wind. A total of twenty pathogens that
cause human illness have been detected in wind-blown soil and
associated materials." The yearly displacement of African soil
blown to North and South America is likely transporting several
microbe species to new environments.4
Some major well-known airborne pathogens include
anthrax, smallpox, plague, tuberculosis ("TB"), influenza (the
"flu"), chickenpox, and hantavirus. The natural airborne dispersal
of pathogens suggests at least one effective means of deliberately
dispersing pathogens to infect humans. A large number of
pathogens, cultured and mixed with talc or a similar carrier, and
then dispersed from an aircraft, could become an effective
31 Int'l Fed'n of Red Cross and Red Crescent Soc'ys, Angola: Marburg
Hemorrhagic Fever Outbreak Minor Emergency Bulletin (Bulletin No. 05ME021,
Apr. 5,2005), available at http://www.reliefweb.int/rw/rwb.nsf/db900SID/DDAD-
6B6KXM?OpenDocument&cc=ago&rc=l (case sensitive).
38 J.C.S. Clegg & G. Lloyd, Ebola Hemorrhagic Fever in Zaire, 1995: A
Perspective, 8 CURRENT OPINION IN INFECTIOUS DISEASEs 225 (1995).39 See generally Stephen S. Morse, The Public Health Threat of Emerging Viral
Disease, 127 J. NUTRITION 951S, 951S-57S (1997).
40 D.W. Griffin et al., Dust in the Wind: Long Range Transport of Dust in the
Atmosphere and Its Implications for Global and Public Ecosystem Health, 2
GLOBAL CHANGE & HUMAN HEALTH 20, 20-33 (2001); see also infra Table 2.41See generally David Pimentel et al., Ecology of Increasing Diseases: Population
Growth and Environmental Degradation (2006) (unpublished manuscript, on file
with author).
2006] 631
WM. & MARY ENVTL. L. & POLY REV. [Vol. 30:625
bioweapon.42 Another application method is to blow the microbes
into the air from an air-blast sprayer during a bright, sunny, and
windy day.43 The wind and the lift provided by the rising warm air
would disperse the microbes over many miles down wind."
B. Introduced Pathogens
Worldwide, new and reemerging diseases will threaten the
health and security of Americans over the next decades.45 Several
of the pathogens currently in the U.S. were unintentionally
introduced at various times in the past, and now have become
serious U.S. public health problems. These include AIDS, tubercu-
losis, and West Nile virus. Of these pathogens, AIDS and TB are
the most threatening health problems.
1. AIDS 46
The AIDS epidemic continues worldwide. Medicine and
social interventions have been inadequate, especially in Africa, the
Far East, and other developing nations.47 Beyond the personal
devastation of this illness is the disruption of families, the inability
to work, and the hardship imposed on educational institutions,
hospitals, agriculture, and businesses. For many countries, the loss
of productivity as the number of sick and dying increases, is
42 See generally David Pimentel, Soil Erosion: A Food and Environmental Threat,
in 8 ENVIRONMENT, DEVELOPMENT AND SUSTAINABILITY 119-37 (2006).
" David Pimentel, Address at the William and Mary Environmental Law and
Policy Review Symposium: Global Terrorism and Its Impact on Sustainable
Development (Feb. 4-5, 2005).
4See Pimentel et al., Ecology of Increasing Diseases, supra note 41.
41 See NAT'L INTELLIGENCE COUNCIL, NATIONAL INTELLIGENCE ESTIMATE: THE
GLOBAL INFECTIOUS DISEASE THREAT AND ITS IMPLICATIONS FOR THE UNITED
STATES 5-13 (2000), NIE Doc. No. 99-170, available at http://www.cia.gov/nic/
PDFGIFotherprod/infectiousdisease/infectiousdiseases.pdf.
See generally AIDS, http'//en.wikipedia.org/w/index.php?title=AIDS&oldid=
48180776 (last visited Apr. 14,2006). Background information regarding statements
contained in this section can be obtained by examining this source material.
47 Id.
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extremely difficult.4" While there is no known medical cure for
AIDS, some expensive drugs can prolong the life of AIDS-infected
individuals, provided that the patients can afford the drugs.49
Some programs to reduce the spread of AIDS have been relatively
successful, but the disease persists in vast populations throughout
the world. The primary reason the disease persists is that many
people do not understand how the pathogen is spread, or they do
not have money for or generally choose not to use condoms to
prevent infection. 0
2. Tuberculosis
Unfortunately, people infected with AIDS are more suscepti-
ble to a wide array of other serious diseases, including tuberculo-
sis. Worldwide, the incidence of tuberculosis seems to be accompa-
nying the AIDS epidemic with an estimated 9 million people now
infected in the world 5' and about 15,000 in the U.S.5 2 Over time,
some strains of tuberculosis have become resistant to the usual
drug treatments, thereby hindering medical care and accelerating
the rapid spread of the disease.5 3
3. West Nile Virus
In 1999, the West Nile virus, which causes serious encepha-
litis in Americans, was introduced from Africa into northeastern
United States.54 Exactly how the virus was transported here is
unknown. With rapid air travel and large numbers of people,
48 Id.
49 id.
50 d.
51 World Health Org., Tuberculosis Fact Sheet No. 104, http://www.who.int'
mediacentre/factsheets/fslO4/enl (last visited Apr. 21, 2006).52 U.S. CENSUS BUREAU, STATISTICALABSTRACT OFTHE UNITED STATES: 2004-2005,
at 120, available at http'//www.census.gov/prod/2004pubs/04statab/health.pdf.
" See Pimentel et al., Ecology of Increasing Diseases, supra note 41.
54David Pimentel, West Nile Virus and Mosquito Control, in ENCYCLOPEDIA OF
PEST MANAGEMENT 1-4 (David Pimentel ed., 2004).
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birds, and goods being moved throughout the world, West Nile
virus could have been carried here either by an infected bird or
even a mosquito."
The main source of West Nile infection is birds. Reports
indicate that at least 125 species of birds have been infected with
West Nile,56 including crows, blue jays, sparrows, hawks, and
eagles." Birds appear particularly susceptible to the virus and are
more likely to die of an infection than are humans.5" Yet because
birds travel long distances in their seasonal migrations, infected
birds can easily spread the disease to other areas. Mosquitoes
obtain the virus from infected birds and in turn infect humans by
biting them. In the U.S., the prime mosquito vector between birds
and humans is Culex sp., the common house mosquito.5 9
By the year 2002, the Communicable Disease Center °
reported there were 4,156 reported human infections of the West
Nile disease with 284 deaths, with a cluster of infections and
deaths occurring in Ohio.61 By 2003, the number of infections and
deaths had increased, with most of the infections and deaths
occurring in Colorado, where the incidence had increased from only
fourteen infections in 2002 to 635 West Nile infections by August
2003 .62 Although West Nile now occurs in all contiguous forty-eight
states, there were 2,539 cases in 2004, with 100 fatalities. 3
55 id.
56 Environmental Defense, West Nile Virus on the Rise, Threatening Humans
and Wildlife, (Aug. 11, 2003), http://www.environmentaldefense.org/article.cfm?
contentID=2871.
" See Pimentel, West Nile Virus and Mosquito Control, supra note 54, at 1-4.
58 Id.
59 See Roger S. Nasci et al., West Nile Virus Isolates from Mosquitoes in New York
and New Jersey, 1999, 7 EMERGING INFECTIOUS DISEASES 626-27 (2001).
6 Ctrs. for Disease Control and Prevention, West Nile Virus: Statistics,
Surveillance, and Control (2002), http://www.cdc.gov/ncidod/dvbid/westnile/surv
&control.htm.
61 See David Pimentel, West Nile Virus and Mosquito Control, supra note 54, at 1-4.
62 Id.
' Communicable Disease Ctr., Ctrs. for Disease Control and Prevention, West
Nile Virus Activity in the United States: Statistics, Surveillance, and Control
(2004), available at http://www.cdc.gov/ncidod/dvbid/westnile/surv&controlCase
Count04_detailed.htm.
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C. Arthropods as Disease Vectors
In addition to the common house mosquito which spreads
West Nile disease, several other species of mosquito and ticks are
major vectors of human diseases. For instance, mosquitoes
transmit malaria, yellow fever, dengue fever, and several other
diseases." Ticks transmit Lyme disease to humans.65
Two recently introduced pest mosquitoes are of concern to
U.S. public health. These invasives are the Yellow Fever mosquito,
Aedes aegypti, and the Asian tiger mosquito, Aedes albopictus.66
Both are capable of transmitting Yellow fever, dengue fever, and
West Nile diseases to humans.67
Some of the human pathogens discussed could be used as
bioweapons; anthrax and flu have great potential..6 This is because
large amounts of these pathogens can be cultured and then
distributed to target human populations.69 To date, none have
proven highly effective when they have been employed.
The U.S. Public Health Service, Communicable Disease
Center, conducted a culture of billions of mosquitoes (Aedes
aegypti) for potential use as a bioweapon for the U.S. Army.7 ° The
proposed goal was to infect large populations of mosquitoes with
a pathogen, place several hundred mosquitoes in small cardboard
boxes and then release these boxes containing infected mosquitoes
from low flying aircraft. This approach was modeled after the use
of sterilized screwworm flies that were released from aircraft for
6 See generally DAVID LAWRENCE BELDING, TEXTBOOK OF CLINICAL
PARASITOLOGY (Appleton-Century Co., 1942) (covering this topic in more detail).
65 See David Pimentel et al., Ecology of Increasing Disease: Population Growth
and Environmental Degradation, 48 BIOSCIENCE 823 (1998).
66 See ROBERT NOVAK, III., NAT. HIST. SURV., MOSQUITO MARAUDERS (1998),
http://www.inhs.uiuc.edu/chf/ pub/surveyreports/nov-dec98/maraud.htm.
67 Id.
68 Eric K. Noji, Bioterrorism: A "New" Global Environmental Health Threat, 2
GLOBAL CHANGE & HUMAN HEALTH 2,4 (2001).
69 See Pimentel, Address, supra note 43.
70 The author participated directly in this project as a member of the U.S. Public
Health Service, Communicable Disease Service.
20061 635
WM. & MARY ENVTL. L. & POLY REV. [Vol. 30:625
the successful control of the pathogenic screwworm pest.71
However, the release of the sterilized screwworm flies was to
control the screwworm pest that, if reintroduced today, could cause
$750 million dollars in damages each year to cattle and other
livestock in the United States.72
Pathogen infected mosquitoes were never released by the
U.S. Army against any human target group. However, the use of
insects as disease vectors could be a bioweapon. New and emerging
diseases will continue to pose a global threat and a national threat
to the United States and its public health over the next twenty
years.73 The costs of treatment of these potential diseases are
enormous and pose a major economic threat to the U.S.
Some human pathogens could be used as bioweapons, if
sufficient quantities could be cultured and applied to a commonly
used food, or spread by air or introduced into the water supply.
However, with current U.S. safe guards in place to protect food and
water resources, it is doubtful that large populations could be
infected and killed using the various pathogens listed.
D. Microbial Food Contamination
Worldwide, an estimated 2.1 million people die each year
from consuming microbial-contaminated food.74 In industrialized
nations, approximately 30% of the population suffers annually,
while in developing nations the estimate many more.75 In the
United States, approximately 76 million foodborne diseases in
71 See N.L. MEYER & 0. SIMPSON, HISTORY OF THE MEXICO-UNITED STATES
SCREWWORM ERADICATION PROGRAM (1994).72 David Pimentel, Area-Wide Pest Management: Environmental, Economic and
Food Issues (Int'l Atom. Energy Agency, Int'l Conf. on Area-Wide Control of
Insect Pests, Vienna, Austria, Working Paper, 2005) (publication forthcoming).
" See generally THE GLOBAL INFECTIOUS DISEASE THREAT, supra note 45.
74World Health Org., Food Safety and Foodborne Illness Fact Sheet, http://www.
who.intlmediacentre/factsheets/fs237/enl (last visited Apr. 21, 2006).
75 See id.
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humans are reported each year, causing 5,000 deaths;76 these cost
$5 to $6 billion each year for treatment."
In addition, poultry, hogs, cattle, and other livestock are
easily contaminated with Salmonella and various Escherichia coli
microbes, especially when the animals are crowded together in
livestock facilities with inadequate waste disposal systems.78
Furthermore, Staphlococcus and Salmonella are common airborne
pathogens found in or near livestock facilities; these microbes can
easily infect farm workers and people living downwind from the
livestock facility.79
Additional microbial contamination and cross contamination
in foods results when animal products are exposed to unsanitary
conditions during slaughtering, processing, and handling. In the
U.S., poultry eggs and meat have been identified as the main
source of Salmonella enteritidis, which causes severe gastrointesti-
nal illness and sometimes death in humans, particularly among
children and the infirm.8 ° Worldwide, during the last ten years,
Salmonella enteritidis infections increased significantly on many
continents,8 ' indicating that the contamination of foods continues,
sanitary inspections are inadequate, and improper handling occurs
from the source to the consumer. Food borne illnesses in the U.S.
76 Paul S. Mead et al., Food-Related Illness and Death in the United States, 5
EMERGING INFECTIOUS DISEASES 607 (1999). See generally CTR. FOR SCI. IN THE
PUB. INTEREST, OUTBREAK ALERT! CLOSING THE GAPS IN OUR FEDERAL FOOD-
SAFETY NET 1-3 (6th ed. 2004); National Institute of Allergy and Infectious
Diseases, Foodborne Diseases Fact Sheet, http://www.niaid.nih.gov/factsheets/
foodbornedis.htm (last visited Apr. 21, 2006).
7 Foodborne Diseases Fact Sheet, supra note 76. See generally Pimentel, supra
note 41.78 See JOSHUA LEDERBERG ET AL., EMERGING INFECTIONS: MICROBIAL THREATS TO
HEALTH IN THE UNITED STATES 70 (1992).
79 See generally Kendall M. Thu, Public Health Concerns for Neighbors ofLarge-Scale
Swine Production Operations, 8 J. AGRIC. SAFETY AND HEALTH 175, 175-84 (2002).
o Richard Prier & Jay V. Solnick, Foodborne and Waterborne Infectious Diseases,
107 POSTGRADUATE MED. 245 (2000), available at httpJ/www.postgradmed.com/
issues/2000/04 00/prier.htm; World Health Org., Foodborne Diseases, Emerging Fact
Sheet No. 124, httpJ/www.who.int/mediacentrefactsheets/fsl24en/mdex. html (last
visited Apr. 21, 2006).
81 Fact Sheet: Foodborne Diseases, Emerging, supra note 80.
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are estimated to cost about $35 billion in lost work productivity and
treatment costs each year." Of growing concern is the dramatic
increase in the importation of food products from foreign countries,
which may not adhere to the U.S. standards for food safety.
II. CROP, LIVESTOCK, AND FOREST PATHOGENS
A. Plant Pathogens
About 65% of the plant pathogens associated with U.S. crops
were brought here accidentally along with diverse introduced
crops. 3 This illustrates how easily pathogens can be brought into
a country, thrive, and spread into the new environment where they
damage crops. Overall, approximately 12% of U.S. crop production
is lost to plant pathogens, despite the application of large quanti-
ties of fungicides for control of these pests.8 4
Each year these plant pathogens cost the nation $24 billion
in lost crops, in addition to about $2.5 million for fungicide
spraying. 85 When the widespread environmental and public health
costs associated with chemical spraying are included, the annual
costs attributed to crop pathogens rise to approximately $30 billion
each year. 6
B. Potential Plant Pathogen Introductions
Looking forward, approximately twenty other major plant
pathogens not yet in the United States could easily be transported
here. When released, these pathogens could cause several billion
82 Guelph University, Foodborne Illness Fact Sheet, http://www.food
safetynetwork.ca/ en/article-details.php?a=2&c=7&sc=44&id=855 (last visited
Apr. 21, 2006).
' David Pimentel et al., Environmental and Economic Costs of Nonindigenous
Species in the United States, 50 BIOSCIENCE 53, 60 (2000).
84 DAVID PIMENTEL, TECHNIQUES FOR REDUCING PESTICIDE USE: ENVIRONMENTAL
AND ECONOMIC BENEFITS 2 (1997).
85 Pimentel et al., Environmental and Economic Costs, supra note 83, at 60.
See id.
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dollars in damages each year. 7 Such foreign crop pathogens could
cause serious damage to our crops (often grown in vulnerable
mono-culture systems) and reduce U.S. food security. All of these
pathogens have the potential to become major pests of citrus,
soybeans, corn, tomato, apple, rice, and potato crops, effectively
becoming a major threat to U.S. crop production by increasing both
crop losses and control costs.
8 8
A current example is the soybean rust (Phakospora
pachrhizi), which has been slowly creeping toward the United
States from South America. 9 It has now has been detected in
Louisiana, most probably blown north during the 2004 hurricane
season.9" With no known effective controls, the rust is expected to
cause major losses to the important soybean crop:9' Summarizing,
it is easy to introduce and spread plant pathogens into the U.S. Over
time, imported plant pathogens could significantly increase crop
losses, diminish food security and add to the cost of pest control.
C. Livestock Pathogens
The livestock population in the United States numbers more
than 150 million and outweighs the U.S. human population by
more than five times!92 Their husbandry, processing, and their
substantial inclusion in the American diet represents a major and
valuable part of the food industry.
Most of the 100 major infectious diseases now affecting U.S.
livestock were introduced along with the livestock brought to the
87 See generally infra Table 5.
88 See generally GEORGE N. AGRIOS, PLANT PATHOLOGY (Academic Press 1988).9 Jerry Perkins, Bean Rust Creeps Toward U.S., DES MOINES REG., Apr. 20,2003,
at 1M.9 Erik Stokstad, Plant Pathologists Gear up for Battle with Dread Fungus, 306
Sci. 1672, 1672 (2004).
91 Id.
92 See U.S. CENSUS BUREAU, STATISTICAL ABSTRACT OF THE UNITED STATES: 2002,
at 536, available at http://www.census.gov/prod/2003pubs/02statab/agricult.pdf.
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United States over many decades of importation.9 3 However, at
least sixteen other foreign livestock diseases that exist in the world
easily could be introduced into U.S. livestock.94 If this were to
occur, it would severely damage our livestock production system
and cost the United States many billions of dollars in food losses
and control costs.
1. Foot and Mouth Disease
A current U.S. concern is to prevent foot-and-mouth disease
of hoofed animals from gaining entrance into the United States.
Not only does this disease kill young livestock, but it easily spreads
into wild animal populations, including deer and elk.95 With this
disease in wild populations, it would be exceedingly difficult, if not
impossible, to control.
An example of the ease with which animal pathogens can
gain entrance into the United States occurred recently at the Plum
Island facility, which is the federal laboratory responsible for
preventing animal pathogens from entering the country.96 Six
animals with foot-and-mouth disease were discovered at the
facility, and fortunately destroyed, before the disease spread.97
2. Mad-Cow Disease
In the late 1980s, mad-cow disease was discovered in Europe,
where hundreds of herds were destroyed to stop its spread.
" See generally J.A.W. COETZER & R.C. TUSTIN, INFECTIOUS DISEASES OF
LIVESTOCK (2004); Infectious Diseases in Livestock (The Royal Society, Pol'y Doc.
No. 19/02, 2002).
See infra Table 4.
9 Susan Schoenian, Mad Cow and Foot-and-Mouth, WESTERN MARYLAND
RESEARCHAND EDUCATION CENTER, Dec. 23,2005, available at http://www.sheep
andgoat.com/articles/bse_fmd.html.
' See Foot-and-Mouth Disease Leak at Plum Island BSL-3 Lab, GENE WATCH,
Sept.-Dec. 2004, at 22.
17 See id.
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European agriculture suffered many millions of dollars in losses.98
Not only are livestock lost, but there is also a critical threat to
humans who become infected by eating the tainted meat. 99
Recently, mad-cow disease was identified in two cows found
in Canada and one animal in the U.S. This disease spreads easily
and is exceedingly difficult to control once introduced. 10 Although
no human infections have been identified from the Canadian cattle
infections, some questions remain as to whether the monitoring of
herds is sufficient to identify infected cattle and destroy them
before the disease spreads to other cattle. 1 1
3. Diseases in Wild Animals
As mentioned, diseases of wild animals are easily transferred
to domestic livestock. For instance, there are more than 4 million
feral hogs in the U.S., particularly in Southern and Western
regions.0 2 They are infecting livestock and other wild animals with
brucellosis, pseudo-rabies, and other diseases. 103 These wild hog
populations are difficult to control, and with no effective controls for
monitoring the wild hogs in place, the diseases from these hogs can
be expected to spread to domestic livestock.10 4
" Reuters & CNN, Mad Cow Costs Surge in Europe, CNN.cOM (EUROPE), Nov.
21,2000, http://edition.cnn. com/2000/WORLD/europe/11/2lmadcow.testing.02/
index.html.
9 See generally id.
100 Peter Montague, Mad Cow Disease and Humans (Bulletin No. 683, Jan. 20,
2000), available at http://www.rachel.org/bulletin/bulletin.cfn?issueid=1680.
101 Brad Knickerbocker, Third Mad Cow Case in US Raises Questions About
Testing, CHRISTIAN SCI. MONITOR, Mar. 15, 2006, available at http://www.
csmonitor.com/2006/0315/pO2sOl-uspo.html.
102 Donald S. Davis, Feral Hogs and Disease: Implications for Humans and
Livestock, http://texnat.tamu.edulsymposia/feral/feral- 12.htm (last visited Apr.
21, 2006).
..
3 Id. See generally Pimentel et al., Environmental and Economic Costs, supra
note 83, at 60.
104 See generally Davis, supra note 102.
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D. Forest Pathogens
More than twenty species of forest pathogens have been
introduced into U.S. forests, where they are now having a devas-
tating impact. 1°' Two of the most serious introduced forest
pathogens are the chestnut-blight fungus and the Dutch elm
disease fungus. °6 Before the chestnut blight was accidentally
introduced, more than 25% of Eastern deciduous forests consisted
of American chestnut trees. °7 Now, the American chestnut has all
but disappeared. 0 8 Concurrently, the Dutch elm disease from
Europe has destroyed most American elms in Eastern forests, and
in cities and towns where they were once the dominant and
treasured shade tree. 0 9
In 1995, sudden oak death syndrome was introduced from
Asia into a California tree nursery when infected plantings were
shipped to the United States."0 The disease is now established in
many regions, where susceptible native oaks will be lost to this
fungal pathogen."'
E. Arthropod Pests
1. Crops
Over many decades approximately 5,000 non-indigenous
insect and mite species have been introduced into the U.S. where
10
' Andrew M. Liebhold et al., Invasion by Exotic Forest Pests: A Threat to Forest
Ecosystems, 41 FOREST SCI. MONOGRAPH 30, at 14-16, available at http:ll
www.sandyliebhold.com/pubs/fsinvad.pdf (last visited Apr. 6, 2006).
106 David Pimentel et al., Update on the Environmental and Economic Costs
Associated With Alien-Invasive Species in the United States, in 52 ECOLOGICAL
ECONOMICS 273-88 (2005).
107 See F.T. CAMPBELL & S.E. SCHLARBAUM, FADING FORESTS: NORTH AMERICAN
TREES AND THE THREAT OF EXOTIC PESTS 5 (1994).
10' See Pimentel et al., Update, supra note 106.
109 Id.
110 Wash. State Dep't of Agric., Sudden Oak Death, http://agr.wa.gov/Plants
Insects/Diseases/sod/default.htm (last visited Apr. 21, 2006).
111 See id.
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they now cost billions of dollars in damages to crops each year. 112 In
Hawaii, for example, invading insects and mites account for 98% of
the crop losses to arthropods there." 3 Similarly, in California, some
600 species of introduced arthropods are responsible for 67% of all
crop losses."' The disastrous previous introductions of foreign
insect species into the United States emphasizes how destructive
and costly these invasive species can be.
Each year, pest insects and mites, including many invasive
species, destroy approximately 13% of potential U.S. crop produc-
tion, representing a crop loss of about $35 billion each year."5
Considering that approximately 40% of the arthropod pests were
introduced, estimates of the damage caused each year by intro-
duced arthropods are as high as $7 billion in crop losses. To control
crop pests, about $1.2 billion in insecticides and miticides are
applied for crop pest control." 6 Thus, losses and control costs
caused by the introduced arthropods and insecticide and miticide
applications amounted to more than $8 billion in losses." 7
2. Forests
Insects cause the loss of approximately 9% of U.S. forest
products, like lumber and pulp wood, at a cost of $6 billion each
year.1 8 As with insect crop pests, many of these insect species have
112 Pimentel et al., Environmental and Economic Costs, supra note 83, at 57-58.
113 J.W. Beardsley, Introduction of Arthropod Pests into the Hawaiian Islands,
3 MICRONESICA (SuPP.) 1-4 (1991).114 R.V. Dowell & C.J. Krass, Exotic Pests Pose Growing Problem for California,
46 CAL. AGRIC. 6, 6-10 (1992).
"' See Pimentel et al., Environmental and Economic Costs, supra note 83, at 59-
60. See generally U.S. CENSUS BUREAU, STATISTICAL ABSTRACT OF THE UNITED
STATES: 2002, available at http://www.census.gov/prod/2003pubs/02statab/
agricult.pdf.
11 See PIMENTEL, TECHNIQUES FOR REDUCING PESTICIDE USE, supra note 84, at 2.
117Id.
1 18 j.p. Hall & B. Moody, Canadian Forest Service, Forest Depletions Caused by
Insects and Diseases in Canada 1982-1987, in INSECT AND DISEASE SURVEY,
INFORMATION REPORT ST-X-8, at 1 (1994). See generally U.S. CENSUS BUREAU,
STATISTICAL ABSTRACT OF THE UNITED STATES: 2002, at 539-45, available at
http://www.census.gov/2003pubs/02statab/natresor.pdf.
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come from foreign countries and become established in U.S. forests.119
Of the approximately 360 introduced insect species that have become
established in American forests, 2 ° about 30% are now major pests
and are responsible for $2.1 billion in damages each year.121
One particularly devastating forest insect is the Gypsy
moth, intentionally introduced into Massachusetts in the 1800s for
possible silk production.'22 Since then the gypsy moth has been
attacking a wide variety of trees in forests and cities, especially
oaks. 2 3 The U.S. Forest Service spends $11 million a year trying
to control this major pest. 124 In 1998, the Asian longhorn beetle
was introduced and first detected in the maple trees of New York
City and Chicago. 25 This beetle is particularly destructive of maple
trees and the only control is to remove infected maple trees to
prevent its spread.
126
Meanwhile, the newly introduced emerald ash borer from
Asia is killing ash trees in Michigan and Ohio. 127 This insect
girdles the growing portion of the ash tree underneath the bark
and kills the tree. 21 Prompt removal of the infested trees, and/or
spraying the outside stem of the ash tree, are the only means of
control.129 As with pathogens, the movement of foreign insects and
119 See Pimentel et al., Update, supra note 106, at 273-88.
120 See generally Liebhold et al., supra note 105, at 1-49.
121 E. Harausz & David Pimentel, North American Forest Losses Due to Insects
and Plant Pathogens, in ENCYCLOPEDIA OF PEST MANAGEMENT 539-41 (2002).
122 Pimentel et al., Environmental and Economic Costs, supra note 83, at 60.
121 CAMPBELL & SCHLARBAUM, supra note 107, at 8-9.
124 Pimentel et al., Environmental and Economic Costs, supra note 83, at 60.
121 See American Museum of Natural History, Asian Longhorn Beetle - An Alien
Invasion, http://sciencebulletins.amnh.orgbiobulletin/biobulletin/story686.html
(last visited Apr. 21, 2006).12 6 Id.
127 U.S. Forest Serv. et al., Emerald Ash Borer Maps & State Information,
http://www.emeraldashborer.info/map.cfm (last visited Apr. 17, 2006).
128 See U.S. Forest Serv. et al., Commonly Asked Questions about the Emerald
Ash Borer, http://www.emeraldashborer.info/files/faq.pdf (last visited Apr. 19,
2006); Howard Russell et al., Diagnostic Facts (Mich. State Univ. Extension
Paper No. MSU CIPS-DS06, 2003), http://www.pestid.msu.edu/profiles/eab%20
stuff/slideshow/besteab/eabpdf8Xll.pdf (last visited Apr. 21, 2006).
129 See Russell et al., supra note 128, at 3-4.
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mites into the U.S. has been accelerated because of increased
human travel and the introduction of many more goods into the
U.S. marketplace from abroad. The inspectors at our borders
cannot keep up with the increased traffic.
III. CHEMICAL WEAPONS AGAINST HUMANS, CROPS, AND
LIVESTOCK
A. Human Health
More than 100,000 chemicals weighing about three trillion
kilograms are used in the U.S. each year. 30 Many of these
chemicals are toxic to humans and animals and also damage
natural ecosystems. Americans of all ages carry within their bodies
the residue of at least 116 chemicals.' Some, like DDT, were
banned more than four decades ago. In addition, many Americans
carry residues of lead, mercury, dioxins, and PCBs.'32 Humans
obtain these chemicals by inhaling them or by consuming or
drinking contaminated products. Fish caught in the lower Missis-
sippi River were found to contain 574 chemicals.'33 Some forty-five
states have issued advisories on local fish consumption because of
their high mercury contamination.
3 4
130 WORLD RES. INST., STATE OF THE EVIDENCE REPORT: WHAT IS THE CONNECTION
BETWEEN THE ENVIRONMENT AND BREAST CANCER? (Nancy Evans ed. 2006),
available at http://www.breastcancerfund.orgatf/cf/{DE68F7B2-5F6A-4B57-
9794-AFE5D27A3CFF}/State%20ofo2Othe%20Evidence%202006.pdf.
131 CENTERS FOR DISEASE CONTROL AND PREVENTION, SECOND NATIONAL REPORT
ON HUMAN ExPOSURE TO ENVIRONMENTAL CHEMICALS 7 (2003), available at
http://www.j 57sph.edu/ephtanter/Second%20Report.pdf.
132 David 0. Carpenter et al., Human Health and Chemical Mixtures: An
Overview, 106 ENVTL. HEALTH PERSPECTIVES (SuPP.) 1263-70 (1998).
133 See Karen H. Wantanabe et al., Fish Tissue Quality in the Lower Mississippi
River and Health Risks from Fish Consumption, 302 SCI. TOTAL ENV'T 109, 109-
26 (2002).
134 ROBERT F. KENNEDY, JR., CRIMES AGAINST NATURE: How GEORGE W. BUSH
AND HIS CORPORATE PALS ARE PLUNDERING THE COUNTRY AND HIJACKING OUR
DEMOCRACY 127 (2004).
2006] 645
WM. & MARY ENVTL. L. & POLY REV. [Vol. 30:625
Chemical exposures are associated with many types of
human diseases, including cancer, birth defects, immune system
defects, reduced intelligence quotient, behavioral abnormalities,
decreased fertility, altered sex hormones, altered metabolism, and
diverse organ dysfunctions.'3 5 Consider also that an American
woman's lifetime risk of breast cancer has increased from one in
twenty-two in 1940 to one in seven today in the United States.
136
In studies conducted in California and New Mexico, about
16% of those surveyed were found to be allergic or sensitive to
common chemicals in the environment. 137 One medically identified
disease specifically caused by chemicals in the environment is
"multiple chemical sensitivity" ("MCS"). The personal and societal
costs of MCS are high and include the effects of lost work produc-
tivity, health care costs, and support for disabled workers.
13
High concentrations of many chemicals released in the air
could kill large numbers of humans and livestock and contaminate
water supplies and crops. This is an approach that we trust will
never be utilized, but it does illustrate the troubling possibility
that the air can be polluted with dangerous chemicals. 139 For
example, wide areas in the United States could be contaminated
with deadly heavy metals, like mercury and other heavy metal
compounds, if they were added to coal headed for power plants. 14
0
The burning of the contaminated coal would release the toxic
heavy metals into the atmosphere where they could easily
contaminate large areas of the United States down wind.'
4
'
135 Carpenter et al., supra note 132, at 1263-70.
136 CONNECTION BETWEEN THE ENV'T AND BREAST CANCER, supra note 130, at 4.
137 Richard Kreutzer, Raymond R. Neutra, & Nan Lashney, Prevalence of People
Reporting Sensitivities to Chemicals in a Population-based Survey, 150 AM. J.
EPIDEMIOLOGY 1, tbl.1 (1999), available at http://aje.oxfordjournals.org/cgi/
reprint/l50/1l. See generally id. at 1-12.
"' See generally Ann McCampbell, Pesticide Sensitivities, in ENCYCLOPEDIA OF
PEST MANAGEMENT 606-09 (2002).
139 See Pimentel, Address, supra note 43.
140 id.
14 1 Id.
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B. Pesticide Chemicals
Pesticides also are powerful chemicals and many not only
cause human illness, but also widespread environmental problems
in the United States and throughout the world. In the United
States, the total quantity of pesticide use has not increased greatly
during the past decade, but the toxicity of the individual pesticides
used has increased from 10 to 100-fold compared with the early
pesticides.'42 The exact costs of pesticide use throughout the world
have not been assessed, but in the U.S., a conservative estimate of
pesticide damages is about $11.5 billion each year, which includes
environmental and public health effects.'43
In 1989, the number of human pesticide poisonings in the
United States was about 67,000,'" while today the annual number
of pesticide poisonings has increased to 300,000.14' This reflects the
higher toxicity of the new pesticides in use today compared with
those used in the 1950 to 1960 period. Added to the problem of
environmental and public health contamination is the increased
use of aircraft application, creating a serious drift problem. In fact,
approximately 50-75% of applied pesticides drift away from the
target area, contaminating the surrounding environment. 146 For
example, in California, 51% of the human pesticide poisonings
occurring in agricultural areas were attributed to pesticide drift. 1
47
142 David Pimentel et al., Environmental and Economic Impacts ofReducing U.S.
Agricultural Pesticide Use, in THE PESTICIDE QUESTION: ENVIRONMENT,
ECONOMICS, AND ETHICS 226 (David Pimentel &Hugh Lehman eds., 1993).
14 3 See infra Table 5.
144 T.L. Litovitz et al., 1989 Annual Report of the American Association of Poison
Control Centers National Data Collection System, 8 AM. J. EMERGENCYMED. 394
(1990); see also id. at 394-442.
14' David H. Wells, The Pesticide Poisoning of America, http://www.davidhwells.
com/PhotoEssays/PesticidePoisoning/default.html (last visited Apr. 16, 2006).
146 Pimentel, Impacts of Reducing U.S. Agricultural Pesticide Use, supra note
142, at 229.
141 SUSAN KEGLEY ET AL., SECONDHAND PESTICIDES: AIRBORNE PESTICIDE DRIFT
IN CALIFORNIA 15 (2003), available at http://www.panna.org/resources/
documents/SecondHandPs.pdf.
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Another serious health concern is that approximately 57% of
the non-fatal pesticide poisonings reported in the U.S. involve
children younger than six years old.' 48 For example, in Washington
state, studies confirm that dietary doses of pesticides were exceeded
in about half of children's diets.149 In addition, pesticides, especially
exposure to organophosphate and carbamate classes of chemicals,
adversely affect the nervous system by inhibiting cholinesterase. 5 o
In California, about 40% of the children working in agricultural
fields had blood cholinesterase levels below normal, a strong
indication of organophosphate and carbamate pesticide poisoning.151
As bioweapons, highly toxic insecticides and herbicides could
easily be applied to water supplies, for instance, by aircraft under
windy conditions. Once airborne, winds could transport the
pesticides over many kilometers to poison large numbers of people
and other animals and destroy crops over a wide area. The hazard
of pesticides and other such potent chemicals was proven in the
Bhopal accidental pesticide (methyl isocyanate) release in India in
1984. This accident killed about 16,000 people and severely injured
hundreds of thousands of exposed people.'52 This devastating
accident illustrates the effectiveness of using a toxic pesticide or
other chemical as a bioweapon.
SUMMARY
Several disease pathogens and other hazardous organisms
discussed have potential as bioweapons. Their known danger to
"Margaret D. Sanborn et al., Identifying and ManagingAdverse Environmental
Health Effects: 4. Pesticides, 166 CAN. MED. ASS'N J. 1431, 1433 (2002). See
generally id. at 1431-36.
149Id at 1432.
"' See David Pimentel, Environmental and Economic Costs of the Application of
Pesticides Primarily in the United States, in 7 ENVIRONMENT, DEVELOPMENT AND
SUSTAINABILITY 231-32 (2005).
151 ROBERT REPETTO & SANJAY S. BALiGA, PESTICIDES AND THE IMMUNE SYSTEM:
THE PUBLIC HEALTH RISKS 13 (1996).
152 Anne Platt McGinn, Why Poison Ourselves? A Precautionary Approach to
Synthetic Chemicals 6 (Worldwatch Paper No. 153, Chris Bright ed., 2000),
available at http://www.worldwatch.org/pubs/paper/153/ (registration required).
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human health, agricultural production, and overall national
security confirm their dangers to human life and, more broadly, to
the environment. Disease pathogens used as bioweapons targeted
at humans may cause severe illness and death. All such pathogens
would have to be cultured in extremely large quantities, prepared
for release, and carefully dispersed.
In contrast, agricultural bioweapons (crop, forest, and
livestock pathogens) are easily released into the agroecosystem
where they can be established, multiply and over time cause major
damage. These introduced organisms could become pests that
threaten our food production and food security. Several of the
organisms discussed and used as bioweapons could be introduced
relatively easily, without the use of complicated equipment.
However, their impact would be slow because of the time that it
takes these pathogens to multiply and spread.
Unlike crop pathogens, the use of toxic chemicals as
weapons can quickly inflict deadly harm to humans and other
animals. They are relatively easy to obtain and produce in large
quantities. Furthermore, deadly chemical are easily distributed to
targets by spraying from light aircraft or ground sprayers over vast
areas. Such applications are quick and deadly. Given the uncer-
tainties of protecting the security of Americans, great care is
needed at all U.S. borders and in the sky to prevent bioweapons
from entering the country. With the unending flow of people and
goods moving into the country, the task of preventing the introduc-
tion of bioweapons is enormous.
The Centers for Disease Control and Prevention are
responsible for monitoring human diseases. Through their
auspices, systems have been designed to facilitate inspection and
detection at state and national levels. Environmental monitoring
systems contribute information about the possible release of
bioweapons. As mentioned, the Laboratory Response Network
brings together Public Health Laboratories, the Federal Bureau of
Investigation, and others to enhance the response in order to act
quickly to prevent the use of biological and chemical weapons.'5 3
153 Rotz & Hughes, supra note 21, at S133-34.
2006] 649
WM. & MARY ENVTL. L. & POLY REV. [Vol. 30:625
Recently, the National Academy of Sciences criticized the
Center for Disease Control ("CDC") for several of their decisions
(smallpox vaccine and obesity report) and further indicated that
political constraints were being placed from Washington on the
vital role of the CDC.' In the past the CDC has been an outstand-
ing, apolitical scientific organization. The hope is that it will
continue to be a vital organization.
The U.S. Department of Agriculture is responsible for
preventing the introduction of non-human pathogens and pests
(diseases of crops, forests, and animals). Given the enormous
movement of people and goods and the limited number of trained
inspectors, the outlook for success is not encouraging. Obviously
funding and training are critical. Broader education of the general
public and of our political leaders about the hazards of bioweapons
is critical to warn all parties of the potential dangers. Their help
is vital in preventing the introduction of bioweapons into the
United States.
154 Rob Stein, Internal Dissension Grows as CDC Faces Big Threats to Public
Health, WASH. POST, Mar. 6, 2005, at A09.
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TABLE 1: DISEASES THAT MAY AFFECT HUMANS AND ANIMALS
(Michigan, 2004; see supra note 15.)
African Horse Sickness: equine
African Swine Fever: porcine
Anaplasmosis: bovine
Anthrax: any species
Atrophic Rhinitis: porcine
Avian Infectious Bronchitis: avian
Avian Infectious Laryngotracheitis: avian
Avian Influenza: avian
Avian Tuberculosis: avian
Babesiosis: bovine, porcine
Bluetongue: any species
Bovine Spongiform Encephalopathy: bovine
Brucellosis: any species
Caprine Arthritis/Encephalitis: caprine, ovine
Caseous Lymphadenitis: caprine, ovine
Chlamydiosis (pet birds, poultry): avian
Chronic Wasting Disease: cervids
Contagious Agalactia of Sheep and Goats: caprine, ovine
Contagious Bovine Pleuropneumonia: any species
Contagious Caprine Pleuropneumonia: caprine, ovine
Contagious Equine Metritis: equine
Cysticercosis: bovine, porcine
Dermatophilosis: bovine
Dourine: equine
Duck Virus Enteritis: avian
Duck Virus Hepatitis: avian
Echinococcus/Hydatidosis: any species
Enterovirus Encephalomyelitis: porcine
Enzootic Abortion of Ewes: caprine, ovine
Enzootic Bovine Leukosis: bovine
Epizootic Hematopoietic Necrosis: aquaculture
Epizootic Hemorrhagic Disease: cervids
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Epizootic Lymphangitis: equine
Equine Encephalomyelitis: avian, equine
Equine Infectious Anemia: equine
Equine Influenza: equine
Equine Piroplasmosis: equine
Equine Rhinopneumonitis: equine
Equine Viral Arteritis: equine
Exotic Myiasis: any species
Foot and Mouth Disease: any species
Fowl Cholera: avian
Fowl Pox: avian
Fowl Typhoid: avian
Genital Campylobacteriosis: bovine
Glanders: any species
Goat and Sheep Pox: caprine, ovine
Heartwater: any species
Hemorrhagic Septicemia: bovine
Hog Cholera: porcine
Horse Mange: equine
Horse Pox: equine
Infectious Avian Encephalomyelitis: avian
Infectious Bovine Rhinotracheitis/Infectious Pustular Vulvovaginitis:
bovine
Infectious Bursal Disease: avian
Infectious Hematopoietic Necrosis: aquaculture
Japanese Encephalitis: equine
Leptospirosis: any species
Listeriosis: bovine, caprine, ovine
Lumpy Skin Disease: any species
Maedi-Visna/Ovine Progressive Pneumonia: caprine, ovine
Malignant Catarrhal Fever: any species
Marek's Disease: avian
Mycoplasma gallisepticum: avian
Nairobi Sheep Disease: caprine, ovine
Newcastle Disease: avian
Onchorhynchus masou Virus Disease: aquaculture
Ovine Epididymitis: ovine
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Ovine Pulmonary Adenomatosis: caprine, ovine
Paramyxovirus: avian
Paratuberculosis: any species
Peste des Petits Ruminants: any species
Porcine Reproductive and Respiratory Syndrome: porcine
Pseudorabies: any species
Pullorum Disease: avian
Q-Fever: caprine, ovine
Rabies: any species
Rift Valley Fever: any species
Rinderpest: any species
Salmonella enteritidis: avian
Salmonella typhimirium DT 104: bovine
Salmonellosis: caprine, ovine
Scabies: bovine, caprine, ovine
Scrapie: caprine, ovine
Screwworm: any species
Spring Viremia of Carp: aquaculture
Surra: equine
Swine Vesicular Disease: porcine
Theileriosis: bovine
Toxic Substance Contamination: any species
Transmissible Gastroenteritis: porcine
Transmissible Spongiform Encephalopathy: any species
Trichinellosis: porcine
Trichomoniasis: bovine
Trypanosomiasis: bovine
Tuberculosis: any species
Venezuelan Equine Encephalomyelitis: equine
Vesicular Exanthema: porcine
Vesicular Stomatitis: any species
Viral Hemorrhagic Septicemia: aquaculture
West Nile Virus: any species
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TABLE 2: HuMAN PATHOGENS TRANSPORTED BY WIND
(See Griffin et al., 2001; and supra note 40.)
Agent Disease
Bacteria
Yersinea pestis The "black plague" which
killed off of Europe's popu-
lation in the 14th century
Bacillus anthracis Anthrax
Mycobacterium tuberculosis Tuberculosis
Legionella pneumophila Legionnaire's disease
Bordetella pertussis Whooping cough
Corynebacterium diptheriae Diphtheria
Chlamydia psittaci Psittacisis
Haemophilus influenza strep- Bacterial flu
tococcus pneumonia neisseria Bacterial meningitis
meningitisis
Fungi
Cryptococcus neoformans Cryptococcosis
Aspergillus sp. Aspergillosis
Histoplasma capsulatum Histoplasmosis
Blastomyces dermatitidis Blastomycosis
Virus
Rhinoviruses The "common cold"
Influenza viruses Viral flu
Herpes virus-3 Chicken pox
Hantavirus Hantavirus pulmonary syn-
drome
Poxvirus-variola virus Smallpox
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TABLE 3: PLANT PATHOGEN THREATS TO U.S. CROPS
(Kriz, 1999.)
Disease Pathogen Major Distribution
Host
Bean Golden Virus Beans Caribbean,
Mosaic Florida, C.
America
Brown Stripe Sclerophthora Corn India, Nepal,
Downy Mildew rayssiae var. Pakistan,
zeae Thailand
Citrus Black Guignardia Citrus Cental/South
Spot citricarpa America
Citrus Canker Xanthomonas Citrus Caribbean
campestri pv.
citricarpa
Citrus Fastidious Citrus S.E. Asia,
Greening Bacterium South Africa
Cocoyam Root Pythium Cocoyam Cameroon,
Rot myriotylum Gabon, Ghana,
Nigeria
Maize Rough MRD virus Corn Temperate
Dwarf climates
worldwide,
except N.
America
Maize Streak Virus Corn Sahel Africa,
Mauritius,
Madagascar
Potato Virus T Virus (PVT) Potato S. America
(Peru)
Red Ring Bursaphe- Palms C. America,
Disease lenchus Caribbean
cocophilus
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Rice Bacterial Xanthomonas Rice S.E. Asia,
Leaf Blight oryzae pv. India, China,
oryzae W. Africa, S.
America, N.
Australia
Rice Bacterial Xanthomonas Rice S.E. Asia,
Leaf Streak oryzae pv. India, China,
Oryzicola W. Africa, N.
Australia
Rice Dwarf Virus Rice S.E. Asia,
China
Satuma Dwarf Virus (SDV) Citrus Japan
Sharka Virus Prunus Mediterranean
(Plume Pox) spp. Europe, Chile
Soybean Rust Phakopsora Soybean Hawaii, Puerto
pachyrhizi Rico, India,
Australia
Sweet Orange Elsinoe Citrus Australia
Scab australis
Tatter Leaf Virus (TLCSV) Citrus Asia
(Citrange
Stunt)
Tomato Black Virus (TBRV) Tomato Czech
Ring (Anepo Republic,
Virus) Central Europe
Tomato Yellow Virus (TYLCV) Tomato Dominican
Leaf Curl Republic,
Jamaica,
Eastern
Mediterranean
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TABLE 4: ANIMAL DISEASES FOR POTENTIAL INTRODUCTION
(Alves, 2001.)
Category A
1. can be easily disseminated or transmitted person-to-person
2. cause high mortality, with potential for major public health
impact
3. might cause public panic and social disruption require
special action for public health preparedness
Category A agents include:
* filoviruses
* Ebola hemorrhagic fever, Marburg hemorrhagic fever
• arenaviruses
* Lassa (Lassa fever), Junin (Argentine hemorrhagic fever)
and related viruses
Categor B
* are moderately easy to disseminate
* cause moderate morbidity and low mortality
* require specific enhancements of CDC's diagnostic capacity
and enhanced disease surveillance
Category B agents include:
* Coxiella burnetti (Q fever)
* Burkholderia mallei (glanders)
* alphaviruses
* Venezuelan encephalomyelitis
A subset of Category B agents includes pathogens that are food- or
waterborne. These pathogens include but are not limited to:
• Vibrio cholerae
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Categor C
* availability
* ease of production and dissemination
* potential for high morbidity and mortality and major health
impact
Category C agents include:
* Nipah virus
* tickborne hemorrhagic fever viruses
* tickborne encephalitis viruses
* yellow fever
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TABLE 5: PESTICIDE IMPACTS ON HUMAN, AGRICULTURE AND
ENVIRONMENT IN THE U.S.
(Pimentel, 2005.)
Costs Millions of
$/year
Public health impacts 1,140
Domestic animals deaths and contaminations 30
Loss of natural enemies 520
Cost of pesticide resistance 1,500
Honeybee and pollination losses 334
Crop losses 1,391
Fishery losses 100
Bird losses 2,160
Groundwater contamination 2,000
Government regulations to prevent damage 470
TOTAL 9,645
2006] 659
